2 21 Abstract 22 Nitrogen (N), phosphorus (P), potassium (K), and water are four crucial factors that have significant effects on strawberry yield 23 and fruit quality. A quadratic regression orthogonal rotation combination experiment that involved 36 treatments with five 24 levels of the four variables (N, P, and K fertilizers and water) was executed to optimize the fertilization and water combination 25 for high yield and quality. SSC/TA ratio (the ratio of soluble solid content to titratable acid) was selected as the index of 26 quality. Results showed that the N fertilizer was the most important factor, followed by water and P fertilizer, and the N 27 fertilizer had a significant effect on yield and SSC/TA ratio. By contrast, the K fertilizer had a significant effect only on yield.
production because of its important role in cell division [16, 17] , and N deficiency can decrease crop yield and quality [18, 19] . P was measured by neutralization to pH 7.0 with 0.1 N NaOH. Data were presented as percentages of malic acid. 
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(R 2 = 0.87).
(1) 1.17 2 4 + 2.43 3 4 -8.85 1 2 -7.49 2 2 -7.37 3 2 -9.45 4 2
104
ANOVA results are shown in Table 5 . The regression was significant at the 0.01 probability (F = 10.29 > F 0.01 (14, 21) = 3.07), model was relatively suitable. Therefore, this regression model could be used to evaluate the effects of N, P, and K fertilizers on the 'Hongyan' strawberry yield. 112 * and ** are significant at the 0.05 and 0.01 probability levels, respectively.
113 ns: non-significant differences.
114
As shown in Table 5 , N, K, and water had a significant effect on strawberry yield, but P had no significant effect. The relative standardized regression coefficient. No significant interaction occurred between N×P, N×water, P×K, P×water, and K×water.
117
Thus, an ideal fit equation could be obtained as follows:
.
(2) 1 = 125.35 + 6.62 1 + 4. below 0.37 (22.51 g/plant) and 0 (1.89 g/plant), respectively, and rapidly decreased at levels above them (Fig 3) . With increasing of fertilization combinations, 27 combinations of the four factors had a yield of more than 110 g/plant. The 99% confidence 147 interval for N, P, and K fertilizers and water levels were 0.314-0.871, −0.357-0.357, 0.169-0.794, and 0.000-0.592, respectively.
148
Therefore, when applying 22.28-24.61 g/plant Ca (NO 3 ) 2 ·4H 2 O, 1.75-2.03 g/plant NaH 2 PO 4 , 12.41-13.91 g/plant K 2 SO 4 , and 149 12.00-13.42 L/plant water, fruit yield will reach more than 110 g/plant with a probability of 99%. 
150

158
ANOVA results are shown in Table 7 . The F-value for the regression model was 3.82, which was larger than F 0.01 (14, 21) = 159 3.07. Thus, the regression model was a good fit for the experimental data. The F-value for the lack-of-fit test was 0.66. This value 160 was less than the significant value at the 0.05 probability (F 0.05 (10, 11) = 2.85), which was insignificant. Thus, the regression 161 model was relatively suitable. This regression model could be used to evaluate the effects of N, P, and K fertilizers on the SSC/TA 162 ratio of 'Hongyan' strawberry fruits. 166 * and ** are significant at the 0.05 and 0.01 probability levels, respectively.
163
167 ns: non-significant differences.
168
The N and P fertilizers and water had a significant effect on strawberry fruit's SSC/TA ratio, but the K fertilizer had no 169 significant effect. The relative magnitude of the effects of N, P, and K fertilizers and water on the SSC/TA ratio was 170 N>P>water>K, which was in accordance with the absolute value of the standardized regression coefficient. No significant 171 interaction occurred among N, P, K, and water in terms of the SSC/TA ratio (Table 7) . Therefore, an ideal fit equation could be 172 obtained as follows: The partial regression equation results showed that the SSC/TA ratio rapidly increased with an increase in P and water at levels 179 below −0.59 (1.67 g/plant) and −0.59 (10.58 g/plant), respectively, and slowly decreased at levels above them ( Fig 5) . With 180 increasing N, the SSC/TA ratio gradually increased and then gradually decreased, with a maximum value at the 0.30 (22.22 181 g/plant) level of N. 
183
The SSC/TA ratio rapidly increased and then rapidly decreased with increasing levels of N, whereas it slowly increased and 184 then rapidly decreased with increasing P; meanwhile, the maximum SSC/TA ratio was 17.80 at 22.22 g/plant Ca (NO 3 ) 2 ·4H 2 O 185 and 1.67 g/plant NaH 2 PO 4 (Fig 6(a) ). The same trend in Fig 6(a) was obtained in Fig 6(b) for the N×water interaction, and the 186 maximum SSC/TA ratio was 17.80 at 22.22 g/plant Ca (NO 3 ) 2 ·4H 2 O and 10.58 L/plant water (Fig 6(b) ). For the P×water 187 interaction, the SSC/TA ratio slowly increased and then rapidly decreased with increasing P fertilizer and water, and the 11 190 (A) N-P interaction effect on SSC/TA ratio with water at 0 level. (B) N-water interaction effect on SSC/TA ratio with P 191 fertilizer at 0 level. (C) P-water interaction effect on SSC/TA ratio with P fertilizer at 0 level.
192
Frequency analysis was performed to obtain the optimal fertilization combination for preferable SSC/TA ratio (Table 8) .
193
Among 625 kinds of fertilization combinations, 47 combinations of the three factors were available with strawberry fruit's 194 SSC/TA ratio varying between 8.5 and 14. The 99% confidence interval for N, P, and water levels were 0.101-0.962, −0.663-195 0.407, and −0.650-0.437, respectively. Thus, when applying 21.38-24.99 g/plant Ca (NO 3 ) 2 ·4H 2 O, 1.64-2.04 g/plant NaH 2 PO 4 , 196 and 10.44-13.05 L/plant water, the fruit SSC/TA ratio will reach 8.5-14 with a probability of 99%. In accordance with the intersection calculation of the optimal fertilization combination for high yield and best quality, the best 201 fertilization combinations for high yield (more than 110 g/plant) and best fruit SSC/TA ratio (8.5-14) were 22.28-24.61 g/plant physiological response of seven strawberry cultivars (Fragaria×ananassa Duch.) to different water availability. 
